Using panel co-integration approach over the period 1980-2009 for South Asian economies, this study investigates the dynamic linkages between energy consumption, trade and GDP. The results show that, in the short run, feedback relationship holds between energy consumption and GDP and between energy consumption and exports. In the long run, the feedback relation holds between energy and GDP while unidirectional causality holds from export to energy. Thus, feedback hypothesis between energy and GDP holds in the short as well as in the long run. The feedback relationship between trade and energy consumption suggests that any shortage of energy supply will lessen the trade and this reductions in trade will lessen the benefits of trade in the region since results have also shown that reduction in export can impede GDP growth.
Introduction
Acute shortage of energy sources in developing countries in general and South Asian countries in particular has shown that energy has become a binding input for any production process. Energy consumption, being a vital input in production process, affects GDP directly. Availability of energy at reasonable cost improves competiveness of home products in international market, increases exports and affects GDP indirectly. In addition, demand for heavy machinery and electrical equipment-basic components for industrial growth also depends on sufficient supply of energy.
production is a work process that requires energy to transform material into goods or services. Stern (2000) noted that there exists a long run relationship among GDP, labor, capital and energy consumption and energy is a key factor in explaining GDP.
The relationship of trade and GDP has been widely discussed in classical theories from the era of Adam Smith to date. Trade enhances economic growth by increasing local market size, by allocating resources efficiently, by improving economies of scale and by increasing capacity utilization. Blassa (1978) documented that export orientation is an important factor in explaining inter-country differences in growth of income with labor and domestic and foreign investment.
Further, the growth of exports depends upon the level of energy consumption in the industrial sector for gaining better export production. The machinery and equipment used in production, processing and transportation of goods for export require energy to operate (Sadrosky 2011).
Theoretically, it could be that energy consumption and trade has a long run relationship but there is little empirical evidence of investigation of this dynamic relationship.
The relationship between energy consumption and output is a vastly studied area in energy economics (e.g. Lee, 2005; Khan and Qayyum, 2006; Noor and Siddiqi, 2010) and the relationship between trade and output is a broadly studied area in international economics (e.g. Kemal et al, 2002; Din, 2004) . However, the long run relationship among energy consumption, trade and GDP is relatively less studied area of economics particularly for South Asian countries.
The understanding of the dynamics among these variables has important implications for new energy and trade policies. For example, if unidirectional Granger causality or no Granger causality is observed between trade and energy consumption then energy conservation policies which could create energy shortages, will have no effect on trade policies which are designed to promote economic growth and welfare of the nation. On the other hand, if there exists bidirectional causality between energy consumption and trade then energy conservation policies to reduce energy wastage can offset the positive effects and benefits of trade promotion and thus economic growth of the country will impede.
This study is different from previous studies in following ways: First, most of previous studies focus either on energy-GDP relationship or export-GDP relationship for South Asian economies.
This study explores the simultaneous relationship between trade, GDP and energy consumption.
Second, in this study panel co-integration approach is used to estimate the long run relationship between the variables and this approach is considered more advantageous over a single equation technique and thus provides better estimates for the dynamic relationship between the variables.
The roadmap for the remainder of this study is as follows. Section 2 outlines the review of literature related to the topic. Section 3 describes the theoretical framework and methodology.
Section 4 presents and describes the empirical findings and its economic relevance with interpretation and final section contains policy implications and concluding remarks about the study.
Literature review
This analysis presents a brief literature review of the existing studies on the trade and energy with GDP relationship. Literature review is divided into three part; (1) review of energy and GDP relationship, (2) review of trade and GDP relationship and (3) review of energy, trade and GDP relationship.
Energy consumption and GDP:
In the literature, a number of studies have explored the relationship between GDP and energy consumption. The neo-classical growth theories consider labor and capital as important factors of production while ignore the importance of energy. However, following the energy crisis of 1970's, the importance of energy for GDP growth received a considerable importance. Initially, Kraft and Kraft (1978) studied the casual relationship between energy and GNP. Since then there is a plethora of studies in this regard and there are mixed results for the relationship of these two variables. There are four basic hypothesis for the causality relationship between energy consumption and economic growth: First, neutrality hypothesis which suggests that there is no significant causal relationship between energy consumption and GDP. Second, conservation hypothesis which suggests that there is a one-way causality relationship running from GDP to energy consumption. Third, feedback hypothesis which suggests that there is a two-way causality relationship between energy consumption and GDP. Fourth, growth hypothesis suggests there is a one-way causality relationship running from energy consumption to GDP.
Using ARDL approach and annual data over the period 1972 , Khan and Qayyum (2005 find out that energy plays a vital role in the Pakistan, India, Sri-lanka and Bangladesh to enhance and promote economic growth and energy shortfall can retard the economic growth.
Noor and Siddiqi (2010) find out a negative long run relationship between energy and GDP in South Asian countries (Pakistan, Bangladesh, Nepal, Sri-lanka and India). Using panel cointegration and fully modified OLS. In the short run, they found unidirectional causality running from energy to GDP.
Using a sample of 18 developing countries, Lee (2005) suggests that energy conservation policies are harmful in selected countries and his findings are in support of growth hypothesis.
He used panel co-integration technique and panel VECM to check the relationship between energy and GDP over the period . The results supported long run relationship between these two variables after allowing for individual county effects and energy is impetus for GDP growth in these countries. Lee and Chang (2008) confirm a long run relationship between energy consumption, GDP, capital stock and labor using panel co-integration technique for 16 Asian countries over the period of . Their results are in support of growth hypothesis as there is found one way causality running from energy consumption to GDP. Narayan and Popp (2012) argue that there are some countries where energy conservation policies have minimal effects on GDP growth. They found mixed results for the long-run Granger causality relationship between energy and GDP for 93 countries using annual data from 1980 to 2006. They found a long-run relationship between energy and GDP for Asia, Chen et al. (2006) suggest that electricity used and GDP have a feedback relationship for ten newly industrialized Asian countries selected in the long run but one way causality running from GDP to electricity is found for short run. The panel co-integration technique is used to investigate the relationship by using panel data from the period 1971-2001. They favor conservative policies to avoid wastage of energy and for a sufficient supply in the long run to enhance economic growth. consumption and GDP growth for 10 Asian developing countries selected. They used panel data of the variables concerned for the period 1980-2008. The panel VECM is used to investigate the causality relationship between the two variables and it is found unidirectional causality running from energy consumption to GDP in short run while a bi-directional causality between the two variables in the long run. Ghali and El-sakka (2004) are of the view that energy is a limiting factor to GDP growth and there is a bi-directional causality relationship between them. They used co-integration technique and VECM to study the long run relationship and causality direction between the two variables for Canada.
Asufu-Adjaye (2000) is of the view that energy and GDP with price are endogenous in many cases and there is found unidirectional causality running from energy to GDP for India and Indonesia and bidirectional causality for Philippines and Thailand. Their findings were based on co-integration and VECM approach by using ML method of estimation. They were unable to refute the neutrality hypothesis in short run for India and Indonesia. Their results are in support of the notion that more energy dependent countries are vulnerable to energy shocks more than those of less energy dependent countries.
Trade and GDP growth:
The relationship of trade and GDP growth is discussed in classical theories from the era of Adim Smith and many other classical economists. They support export promotion on the basis of comparative advantage to increase economic welfare and GDP growth. Kemal, et al. (2002) has investigated the export-led growth hypothesis for five South Asian countries (Pakistan, Bangladesh, India, Nepal and Sri lanka) by using co-integration technique in a restricted VAR model. Their findings were in support of export oriented growth policies as there was found a one way causality running from exports to GDP growth for Pakistan and India and a two way long run causality for the remaining three countries. Din (2004) also investigated the export-led growth hypothesis for five South Asian economies with incorporating the role of imports. The findings suggest that there is long run relationship among the GDP, exports and imports for Pakistan and Bangladesh while a short run bi-directional causality were found in Bangladesh, Sri lanka and India after controlling for imports but no long run relationship found for Nepal, India and Sri lanka. Awokuse (2008) has investigated the prevalence of export-led and import-led growth hypothesis in 3 Latin American countries (Peru, Colombia, Argentina) using a neoclassical production function and estimating it by multivariate co-integrating VAR. The findings were in support of import-led growth hypothesis as there was found unidirectional or bidirectional causality from imports to GDP growth for the 3 countries selected but impulse response also provide support for export-led growth hypothesis in Argentina and Peru.
Bahmani-Oskee et al. (2005) suggest that there exists a co-integrating relationship between exports and GDP growth when GDP is taken as dependent variable but the converse was not found true so they support the growth-led export hypothesis. Their findings were based on panel of 62 developing countries from the period 1960-1999 Williams (1999, 2000) suggest that findings of export-led growth hypothesis with standard causality techniques are not consistent when specification or methodology is changed and interpretation of ELG hypothesis needs extreme care in this situation. They reinvestigated the two ELG applications of Sadorsky's 1996 study for Canada and Oxley's study for Portugal.
They also show that Granger causality test is found to be sensitive to the degree of deterministic component and to the method used to check for non-stationarity. (2004) 
Shirazi and Manap

Energy consumption, Trade and GDP
There are few studies that investigated the ties between energy consumption, trade and GDP. In particular, Narayan and Smyth (2009) noted statistically significant feedback relationship between GDP, electricity used and exports for a panel of Middle Eastern countries. Further a short run granger causality running from electricity used to real GDP and from income to export while in long run Granger causality running from exports and electricity used to GDP and from export and real GDP to electricity used. electricity consumption to exports in Malaysia by using capital, labor, GDP, export and electricity used in a production function framework. Further export-led growth hypothesis was supported for the country. The annual data from 1970 to 2008 was used to estimate the relationship for above mentioned variables. While in a similar kind of investigation, Lean and Smyth (2010b) noted unidirectional causality relationship from GDP growth to electricity generation while no causal relationship was found between exports and electricity generation. consumption and GDP was found and long run elasticity estimated by FMOLS showed that both export and import increments will increase energy demand in the countries selected.
Sadrosky (2011b) noted for seven South American countries, a long run relationship between GDP, labor, capital and trade (imports or exports) by using an aggregate production function and short run dynamics show a feedback relationship for export and energy consumption and unidirectional causality running from energy to imports. In the long run a causal relationship was found for trade (exports or imports) and energy consumption.
By considering these studies it is clear that energy consumption and trade are inter-correlated and most of the studies described, favor a feedback relationship between energy consumption and trade in short run as well as in the long run. The present study contributes to the literature by investigating the dynamic linkages between trade and energy in the production framework for the South Asian economies as there is little or no empirical literature on this topic for this region. Sadorsky (2011b) modeled the relationship between energy consumption, trade and GDP by using a production framework with labor, capital formation for seven South American economies. The present study also uses the same model to estimate the long run linkages among energy consumption, trade and GDP for five South Asian economies.
Analytical Framework and Descriptive analysis
Taking natural logarithms of above function after parameterization and adding an error term in it, equation (3.1) can be written as.
( 3.2) In above equation countries are denoted by subscript (i=1………..N) and the subscript t designates the time span (t=1…………..,T) and this is a broad specification which sanctions for individual fixed country effects(S) and a random error term ( ). The estimation of the above equation will provide the long run elasticities and the coefficients of the independent variables are expected to a have positive effect
Descriptive Analysis:
To analyze the characteristics of variable under consideration, this section outlines the average annual growth rates of the countries, correlations among the different variables and graphical analysis of all the variables.
Average annual growth rates of the variables:
First of all, we take the average annual growth rate of the variables the results are given in table (3.2.1): Average annual growth rate of the energy consumption in the countries ranges from a high value of 4.47 per year for Bangladesh to a low range of 2.56 per year for Sri Lanka. For all of these countries, growth rate of energy consumption is more than 2.5 % per year and even more than 4% per year for three countries. For Pakistan and Bangladesh average annual growth rate of energy consumption are almost equal to their average annual growth rate of real GDP and for the remaining 3 countries, the growth rate of the two variables are also closely related which means that for all of these countries energy consumption and real GDP are growing almost at the same rate. Particularly, India stands out for having high GDP growth rate while all remaining countries have almost average annual GDP growth rate of 4% per year. Bangladesh and India are the countries having the positive double digit average annual growth rate in exports. Real capital formulation have a high average annual growth rate of more than 4% per year for all of the countries except for Nepal which has a lowest growth rate of 0.84 % per year.
Correlations for the variable (in growth rate):
The results for correlations among the different variables of the panel are given in the table (3.2.2). The growth rate in energy consumption shows a highest correlation with the growth rate of real GDP and lowest correlation with the growth rate of labor. This suggests that energy is important to explain GDP and energy and labor are weakly independent from each other. The growth rate in GDP shows a highest correlation with the growth rate of capital formulation. This suggests that capital formation plays significant role to enhance GDP. Most of the correlations are positive which supports our theoretical model. Labor growth is negatively correlated with the GDP growth and exports. GDP growth and energy growth rates are also having a positive correlation, which suggests that increase in GDP also increase energy consumption. All the correlations support our theoretical model.
Graphical analysis of the trend of the variables:
graphical analysis. 
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The trend of all the variables is positive which suggest that there could be a long run relationship among these variables and this is consistent with our specification of the model.
Methodology and data construction
This section provides a discussion on methodology to estimate the long run linkages among energy consumption, trade and GDP for the panel of South Asian economies.
Panel Unit Root Test:
As a first step to check for the co-integration it is necessary to ensure that the order of integration of the variables are same, so for this motive, three types of panel unit root test are used. Levin et al (2002) , proposed a test to check the non-stationarity of the variables in a panel data set. The null hypothesis of this test is that there is a unit root while the alternative hypothesis is that there is no unit root. This test assumes that there is common unit root process across all the cross section and cross sectional independence for the individual processes. 
Panel co-integration test:
According to the definition of Engle and Granger (1987) , if any two variables X or Y are integrated of same order (one or more) and if we estimate them by OLS and their residuals are found to be stationary (order of integration is one less than those of the estimated variables) then they are said to be co-integrated and have a long run equilibrium relationship. Using the same approach of testing the non-stationarity properties of the residual from ordinary regression of the variables, Pedroni (1999 Pedroni ( , 2004 averaging is done in pieces and it includes group-PP-statistic, the group-PP-t statistics and group-ADF-t statistics. The alternative hypothesis for these 3 tests is as follow:
Ho: 1, where i=1,…..,N So the null hypothesis is same for both categories but the alternative hypothesis is different for the within-dimension and between-dimension approach. The group-means or between dimension tests is considered less restrictive as it does not put a condition on the value of to be common for all cross sections in the alternative hypothesis so this allows more heterogeneity of the parameters across the countries of the panel.
Dynamic OLS:
In case of the above panel co-integration test, if there is an indication for a significant cointegrating relationship then equation (3.2) can be estimated and these estimates will provide long run elasticities. However, estimating the equation in the context of panel with ordinary least square (OLS) will result in the estimators which are asymptomatically biased and their distribution depend on the nuisance parameters. Pedroni (2000 Pedroni ( , 2001 documented that nuisance parameter are the regressors that could generate unwanted endogeneity and serial correlation although they are not part of the true data generating process. So to address the problem of endogeneity and serial correlation, dynamic OLS proposed by Pedroni (2001) is used as this approach allow for standard inference by using corrections for these aforementioned problems. Here p shows the lead and lags length, is the country specific fixed effect and is a random error term. This study reports the results from DOLS for the variables.
Panel Granger Causality Test:
If there is found evidence in support of the co-integration relationship among the variables, then there exists an error correction mechanism by which a variable is adjusted towards its long run equilibrium. By following the approach of Engle and Granger (1987) , we can estimate the error In all of the above equations from (4.5a) to (4.5e), the is used to show the first difference operator, p is the appropriate lag length, y is the real output, k is the real fixed capital formation, l is the labor force, e is the real energy consumption, t is the trade variable (measured by using real exports and all of the above variables are in natural logarithm form, is the error correction term and it is obtained by the residual estimated from equation ( 
Empirical Results and Discussion
The prime emphasis of this study is to investigate the simultaneous linkages among energy consumption, trade and GDP for the South Asian region. This section contains a detailed discussion on the empirical findings of the study.
Results of Panel Unit Root Tests:
The results of all the panel unit root tests on the variables in level form do not reject the null hypothesis of unit root at the 5% significance level while for each variable in first difference form; the null of unit root is rejected at the conventional level of significance. Hence, all of the variables are integrated of order one at levels but their first differences were found to be integrated of order zero so it is possible that these variables have a long run equilibrium relationship that means they are co-integrated. The results of both the within-dimension and between-dimension tests summarized in above 
Result of panel co-integration test:
Results of short run and long run granger causality with VECM:
The understanding of the direction of causality between the GDP growth, energy consumption and trade is useful for new energy and trade policies. So to accomplish the task, we use the methodology outlined in section Table (5.) . The For the purpose of long run Granger causality relationship, significance of the coefficients of lagged error term is necessary. For equation (4.5a) with GDP as dependent variable, the coefficient of the lagged error term has a value of -0.44 and it is highly statistically significant at 1% level of significance. By this error correction term, short run variations are driven by adjustment back to long run equilibrium and 44% of the error is corrected in first year and 44% of the remaining of error is corrected in the next year and so on. The other coefficients of lagged error terms are not significant except for the equation with energy on left hand side. So there is evidence of long run Granger causality from capital, labor, energy and exports to GDP and long run causality from capital, labor, GDP and exports to energy. The significance of these two lagged error terms shows that long run adjustment to equilibrium is essential in explaining short run dynamics in GDP and energy. The feedback relationship between exports and GDP suggest that exports play a significant role to enhance the GDP growth and vice versa in short run and unidirectional relationship running from export to GDP in the long run. This supports both the export-led growth in short as well as in long run and the growth-led export hypothesis in short run for the South Asian region. This finding has resemblance with findings of Kemel et al.
(2002) who studies same five South Asian countries for export-GDP relationship. The feedback relationship between capital and GDP also supports the idea that changes in capital formation are important in explaining changes in GDP in short run and vice versa. Further evidence of feedback relationship between energy and GDP suggests that energy is a limiting factor to GDP growth in South Asian countries and changes in GDP are also important in explaining changes in energy consumption both in the short run and in the long run. This finding resembles with the finding of Khan and Qayyum (2006 ) which suggests that any energy shortfall can retard the GDP growth in the South Asian region.
Result of long run elasticities with Dynamic OLS:
Finally, we proceed with the estimation of long run elasticities table below contains the results of long run elasticities for the model with exports. For the purpose of interpretation and discussion for the empirical findings, 10% level of significance is used. The dynamic OLS result shows that capital, labor and exports have the coefficients which are statistically significant at the level of 5% while coefficients of energy is insignificant even at the significance level of 10%. This means that a 1% increase in capital increases GDP by 0.11% and 1% increase in labor increases GDP by 0.51% and similarly a 1% increase in exports increases GDP by 0.27%.
The results of dynamic OLS suggest that energy contributes significantly in explaining GDP in the long run. These findings are in contrast to the findings of Noor and Siddiqi (2010) who found a negative relationship between energy and GDP for the South Asian countries. This contradiction may be due to the inclusion of trade variable in the model.
Conclusion and policy implication
The purpose of present study has been to investigate the long run dynamic linkages between energy consumption, trade and GDP for a panel of South Asian economies over the period 1980-2009 using panel co-integration approach with dynamic OLS. The findings support the feedback relationship between energy consumption and GDP, between trade and GDP, and between energy consumption and exports in the short run. In the long run, the feedback relation between energy and GDP holds while in the case of export and energy the relationship is unidirectional.
The unidirectional causality runs from export to energy.
The feedback relationship between trade and energy consumption suggests that any shortage of energy supplies or energy reduction policy to decrease the energy consumption will lessen the trade. This reductions in trade will lessen the benefits of trade in the region by impeding GDP growth as benefits of export promotion also includes the wealth creation in the country by employing more of factor of production in the exportable sector to meet the international demand with increments in the income levels of the countries. Thus feedback hypothesis of energy holds in South Asian countries in the short as well as in the long run. The feedback relationship between export and GDP also support the export-led growth and growth-led exports hypothesis in the South Asian countries and thus suggests that any reduction in export due to some kind of restriction can hinder the GDP enhancement and decrease in GDP can also reduce the export of the South Asian economies in the short run.
The results of long run elasticities with the model of exports show that capital, labor and exports play a significant role in promoting GDP growth in the South Asian region. The coefficient of energy consumption suggests that GDP is inelastic to energy consumption. A 1% increase in capital increases GDP by 0.11% and 1% increase in labor increases GDP by 0.51% and similarly a 1% increase in exports increases GDP by 0.27% in the South Asian countries. These finding supports the idea that exports are essential in promoting GDP.
The policy implications are that any energy conservative policy to reduce energy consumption will harm the GDP growth in short as well as in the long run for South Asian region. Further the use of protectionist policies for trade will also hamper GDP growth of the region. Any reduction in energy supplies will reduce trade and GDP directly and this reduction in trade due to energy shortage will further reduce the GDP growth in the South Asian region indirectly. Trade liberalization policies are beneficial for the South Asian countries with development of new resources of energy production such as construction of dams and wind power or tidal resources of energy, to fulfill the demand of energy to increase trade and to enhance the GDP growth in the region.
